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THE HIBERNATION OF APHIDES.

BY CLARENCEM. WEED, DURHAM, N. H.

fAnnual address of Ihe retiring president of the Cambridge Entumological Club, 14 February. 1S46,]

In hititudes where winter is a period ndopt to pass the winter. The noiinal

of pi'otracted cold, a siiccessfnl mode ot life-iiistory of these little creatines may
passing through it is of first importance be briefly summarized as follows. In

the spring there iiatches from an eggto all animals that cannot follow the

swallow with the changing season.

.Such creatures must not only endure

the low temperatures to which they are

subjected, but also must 30 protect them-

selves that a certain proportion of them,

deposited the autumn previous, a little

aphid that sucks the sap of its food

plant for a number of days —sometimes

a fortnight —before it becomes full-

grown. During this period of grovvtii.

at least, shall escape the attacks of tlie it molts or sheds its skin a number of

various enemies that are abroad during times to provide for its rapidly increas-

this long period of forced inactivity. ing size. This insect is sometimes

With insects successful hibernation is called the stem- mother. She is ahva) s

of vital importance, and each species wingless. Soon after reaching maturity

appears to have chosen (largely through she commences to give birth to living

the action of natural selection) the salcst young, continuing the process usually

method of passing through. A- vast lor several days. These young are

number of them hibernate in the egg most commonly born naked, but in

state ; man)- in the larval state ; man\'

as pupae ; and a considerable propor-

tion as adults. Not infrequentlv the

same species may hibernate in two or

more of these conditions. In such cases

it is evident that if the insect in one

stage suffers more loss than in the other,

the latter —other things being equal —

some species thev are surrounded by a

thin pellicle which ruptures soon after

birth. They resemble the stem-mother

in general appearance, being of course

much smaller. Each soon begins suck-

ing sap on her own account, and in the

comse often days or a fortnight becomes

mature. It then beirins bringing other

will gradually replace the former as the aphides into the world : these soon

hibernating condition. mature and give birth to a third gener-

The aphides furnish an interesting ation. All of the individuals of these

illustration of the various methods the early broods are parthenogenetic females

different species of a single family may giving birth to living young without the
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presence of males. Many of them are

provided with wings but the majority

are wingless. This method of repro-

duction is continued throughout the

warm season, but on the approach of

cold weather a true sexual generation is

produced, tiie males of which may be

either winged or wingless while the

females are always wingless. Sexual

union between these two forms takes

place, and the females deposit true eggs.

These pass through the winter, and in

spring hatch into stem-mothers which

renew the cycle of existence.

The great majority of aphides pass

through the winter in the egg state.

This is doubtless the safest way, for

even supposing the viviparous or sexed

forms capable of enduring intense cold,

they would be much more liable to be

eaten by birds, scattered by winds or

washed away by floods, than the eggs.

The latter are nearly always at least

partially secured against these vicissi-

tudes, although doubtless millions of

them perish from exposure to the

elements, or are gobbled up by the

hungry beaks of chickadees and other

winter birds. But as a rule the eggs

are so small and so carefully stowed

away, that a sufHcient number to propa-

gate the species survive all perils.

Perhaps as simple a method of pro-

viding for the eggs as any is that

adopted by a handsome yellow Callip-

terus (C discolor Monell) which I

studied in Illinois a few years ago.

This species lives on the under side of

oak leaves, particularly the Burr Oak
{^iterciis wacrocarpa) generally on

limited colonies. In autumn a sexed

generation is produced, the males

having wings and the oviparous

females being provided with a long,

tapering ovipositor by means of which
they push the eggs through the dense

pubescence on the under side of the

leaf, generally fastening it firmly

against the mid-rib. Many of these

leaves remain on the tree until quite

late in spring ; and it is fair to pre-

sume that a sufHcient proportion of the

aphides hatch before the leaves fall

ofl', climb upon the twigs and begin

sucking at the buds, although this has

not so far as I know been observed.

The eggs are certainly safer hidden

in the pubescence of the leaves, from

observation by birds, than they would

be upon the twigs.

From fastening the egrr to tiie leaf to

attaching it to the bark of the twig-

is a short step, and one which appears

to have been taken by a majority of the

aphides affecting trees and shrubs. In

many cases it has naturally resulted

from tlie insects being compelled to

migrate to the twigs by the early falling

of the leaves. In many of the states in

the valleys of the Mississippi and its

tributaries where the Box Elder or Ash-

leaved Maple {JVeg'ufido aceroides) is

abundant, its foliage is often infested by

a small aphid of the genus Chaitophorus

(C. negiiudoidcs) . In autumn the

sexed forms leave the falling leaves and

congregate in great numbers on the

twigs. The males are wingless little

creatures with slender flattened bodies,

barely two millimeters in length, and
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long legs and anteniuif. The egg-lav-

ing females arc larger and have much
broader boflies. They deposit their

eggs irregularly upon the bark of the

twigs, especiallv about the luuls. The

eggs are elliptical-ovoid, less than one

millimeter long, greeriish or \ello\vish

brown when lirst laid, but gradnallv

changing to shining black. '

There is a pretty little aphis (A.

en(i)ivmi) living upon tlie under surface

of the leaves of the shrub called Burn-

ing Bush {Enonvtmis atropitrptireus)

.

In autumn the oviparous females con-

gregate on the twigs and deposit their

eggs in the crevices about the Inids.

A ciu'ious little Callipterus wliich

[ found commonly' on tlie leaves

of Beech in central Ohio a few years

ago also repairs to the bark for ovipo-

sition, but is much more careful in

concealing the eggs. The vi\iparous

colonies are found late in summer and

earlv in autumn on the under sides of

the leaves, with more or less flocculent

matter about them. The sexed forms

develop chu'ing October, and the ovi-

parous females wander over the bark of

the twigs, limbs, and trunk, in search

of crevices in which to deposit their

eggs. When a suitable place is found

the egg is laid, and is then driven into

position bv the following method. The
insect so places herself that her hind

legs easily touch the egg ; then standing

on her foiu" front legs, she brings the

two hind ones down upon the egg in

rapid succession, striking with consid-

erable force. This serves the double

purpose of pushing the egg into place,

and ot drawing out a viscid secretion

with which it is covered into a tluead-

like silverx' film so similar to the sur-

rounding bark that it is difficult to

detect the difl'erence. A minute anil a

half to two miimtes are spent in this

process.

Recent observations have shown that

a number of species of aphides live upon

various trees during autumn, winter,

and spring, but for the summer season

migrate to more succulent herbaceous

plants. The best authenticated exam-

ple of this is the Hop Aphis {P/iorodo//

///iiii/i/i) which was carefully studied

both in Europe and Ameiica by Dr.

C. V. Riley. The life-history of the

species is briefly this. The insect passes

the winter in the egg state on plum

frees. In spring each egg hatches into

a small aphid that sucks the sap from

the expanding leaves. This is the so-

called stem-mother. She becomes full-

o-rown in a week or two and then begins

bringing forth living young at an average

rate of about three each day, continuing

the process until she has becoine the

mother of a hundred or more rapidl\-

tleveloping aphides. Each nf tliese in

turn gives birth to other young in the

same way. Three generations of these

parthenogenetic forms are produced

upon the plum, the last becoming

wingetl and deserting the trees to seaich

for bop plants. On finding them these

winged migrants light upon the under

sides of the leaves where they stait

colonies; and the species contiinies

developing upon the hop plant through-

out the summer. In earlv autumn an-
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other winged generation is produced,

which migrates back to the plum (on

which account these forms are some-

times called return-migrants), where

each settles upon a leaf and gives birth

to three or more young that develop into

sexual oviparous females. About the

same time winged males are produced

upon the hops. They also migrate to

the plum where they mate with the

oviparous females. The latter deposit

the winter eggs upon tlie twigs about

the buds; and on the advent of cold

weather all forms but the eggs perisli.

There is no doubt that a considerable

number of the aphides commonly affect-

ing trees and shrubs have a somewhat

similar history. For instance our com-

mon apple aphis {A. mali ) spends the

summer upon grasses, where they con-

tinue breeding until autumn, when they

return to the apple, and the winged

females establish colonies of the wing-

less egg-laying form upon the leaves.

The males fly in from the summer

host-plant. The eggs are then laid on

the twigs and buds an.d the cycle for the

year is completed.

The aphid commonly atl'ecting

cherrv trees ly]SIyzus cerasi) has a

similar history. It winters over on

the twigs in the egg state. Early in

spring the young aphides hatch and

crawl upon the bursting butls, inseit-

ing their tiny sap-sucking beaks into

the tissues of the unfolding leaves.

In a week or ten davs they become

full-grown and begin giving birth to

young lice, which also soon develop

and repeat the process, increasing

verv rapidh . Most of the eailv spring

forms are wingless but during June

great numbers of the winged lice

appear, and late in June or earl}' in

July they geneially leave tlie cherry,

migrating to some other plant, although

we do not yet know what that plant

is. Here they continue developing

throughout the summer, and in autumn

a winged brood again appears and

migrates back to cherry. These

migrants give birth to young that

develop into egg-laying females which

deposit small, oval, shining black eggs

upon the twigs.

While the aphides aflecting decidu-

ous trees commonly live upon the

leaves and deposit eggs upon the buds,

the rule is reversed in the case of

some species found upon conifeis. Foi

instance the large Lachnus {L. piul)

occurring upon the twigs of Scotch

Pine deposits eggs in longitudinal

rows upon the leaves. The handsome

White Pine Lachnus (Z. strobi) has

also a similar habit. Like most plant-

lice, this species reproduces vivipa-

rously, or by giving birth to living

young, during the summer, but on

the approach of cold weathei' the

sexual individuals are produced. Din-

ing October these are usually the

only forms present, the oviparous

females being congregated in great

numbers upon the bark of the smaller

branches, with their heads directed

towards the ti'imk of the tree. When
disturbed thev move about rapidly,

usually attempting to conceal them-

selves on the other side of the branch.
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At such times thev ;iiso wave their

long hind legs in the air, probably to

fiighten away predaceous or parasitic

enemies. The males are winged and

the oviparous fcinales wingless. The
egos are deposited in longitudinal

rows on the White Pine leaflets.

Each egg is not quite one-tenth of

an inch long, elongate-oval, brownish

when first extruded but soon chang-

ing to shining black.

Besides tlie aphides liv-

ing upon leaves and ovi-

positing upon twigs, ami

those living upon twigs

and ovipositing upon

leaves, there are many
species which both live

and oviposit upon the

twigs. Several such forms

occur upon willow, the

prettiest one being the

Spotted Willow Apliis

( Melanoxatitkus salicis)

.

This insect lives overwin-

ter in the egg state on

the l>ark of willow twigs.

summer they have often increased so

enormouslv as to cover all the twigs

of infested trees, making tliem appear

filthy and unsightly, as well as impair-

ing theii' vitality by extracting the sap.

In autumn a sexed generation is pro-

duced, the males of which may be

either winged or wingless. In Ohio

I ha\e found only winged males, wliile

in New Hampshire I found both forms,

the apterous ones being much the more

F. Detnh'rs. del.

Fig. I. Flocculent Willow Aphis: a, oviparous female —enlarged; l>, head

and antennae of same —greatly enlarged; c, eggs on willow bark —one-half

larger than natural sizes.

Early in spring the eggs

hatch into young plant-lice which insert abundant. The oviparous females con-

thelr tiny beaks into the tender bark and gregate in one or a few places for pur-

suck out the sap. They grow rapidh, poses of oviposition. In such situations

and each one soon becomes the mother they often cover the bark with their

of several yoimg aphides. The genera- eggs. When first laid each egg is

tion from the egg are all wingless, but coated with a sticky liquid that dries

those of the second generation probably into a thin, grayish, irregular covering,

tlevelop into both winged and wingless closely resembling the willow bark in

forms, which are also viviparous. vSiic- appearance.

cessive broods continue to a]ipear Another species, closely resembling

throughout the entire summer, all being the spotted one, and called the Floccu-

viviparous, and some having wings lent Willow Aphis {AI. flocciilosiis)

while others have none. By mid- lives upon the Gray Willow in floccu-
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lent colonies, so closely resembling the

bark that they are difficult to detect.

The males of this species are wingless.

The oviparous females seem to take

more care than do the spotted ones in

depositing their eggs in the crevices of

rough bark where the peculiar whitish

covering of each helps greatly to con-

ceal it.

There are two other aphides of the

genus Melanoxanthus which live upon

willow twigs but difler from those men-

tioned above in habits of oviposition.'

The Bicolored Melanoxanthus {M. hl-

color) is a rather rare species found in

many of the western States. The males

are winged, and the yellowish brown

oviparous females deposit their eggs in

the crevices aliout the buds : tlie latter

after a short exposure to the air become

shining black with none of the floccu-

lent covering found on the eggs of the

other species. The most abundant

member of the genus is that sometimes

called the Willow Grove Aphis {M.
salicti) which is similar to the spotted

form, but without the conspicuous

white spots. It lives in large colonies

on tiie twigs and branches. The winged

males and oviparous females develop

in autumn, and the latter oviposit on

the twigs about the buds.

One of the laigest aphides living

upon twigs is the Sycamore Lachnus

(/.. platanicola) which occasionally

becomes extremely abundant in man}'

sections of the United States. The
sexed forms appear early in autumn,

and eggs are deposited in enormous

numbers upon the bark.

Some of the aphides affecting herba-

ceous plants complete their yearly cycle

upon them. The large reddish brown
species {^Nectarophora rudbeckiae) so

commonly foun<l upon composite plants

of the genus Solidago and Lactuca is

one of these. In studying its autumn
history in Illinois a few years ago, I

found that the sexed forms developed

during October, the males havine

wings. Eggs were occasionally depos-

ited upon the old stems of wild lettuce

{Lactuca caf7adcn>e) , but much more

commonly upon the under leaf surface

of the young, first-year plants of Lac-

tuca and the closely allied Muhlen-

bergia. Evidently the ciiances of sur-

vival and future development are bettei-

in the case of the eggs deposited upon

the leaves of j-oung biennials or peren-

nials, than of those fastened to the old

stems which are liable to be broken off

and blown or washed away, so that if

the eggs survived the young aphides

would not be likely to find suitable food

at hand. In such cases a system of

natural elimination must tend toward

the preservation of the forms oviposit-

ing upon the young plants.

Perhaps the most remarkable fact

connected with the hibernation of

aphides is that of the preservation of

the eggs through the winter in the

nests of ants. This was discovered

long ago by Huber. and has since been

abundantly confirmed by .Schmarda,

Luljbock and others. Ruber's account

is so interesting, and apparently so

little known, that I quote it at some

length* :

—

* The Natural History of Ants by M. P. Huber. Trans-

lated by J- R. Johnson. London, 1S20, pp. 240-245.
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One dav in Novembei , .inxioiis to know them in their months. They did not quit

if the jellow ants began to bury themselves these eggs a single instant; they took

in their subterranean chambers, I destroyed them up, turned them, and after liaving

witli care one of their habitations, story l)y surveyed them with affectionate regard

storv. I Iiad not advanced far in this conveyed tliem with extreme tenderness

attempt, when I discovered an apartment to the little chamber of earth I had placed

containing an assemblage of little eggs, at their disposal. They were not, however,

wliich were for the most part of the color the eggs of ants; we know that these are

of ebony. Several ants surrounded and extremely white, becoming transparent as

appeared to take great care of them, and they increase in age, but never acquire a

endeavored, as quickly as possible, to color essentially different. I was for a

convey them from mv sight. I seized long time unacquainted with the origin of

upon this chamber, its inhabitants, and those of which I have just spoken, and by

the treasure it contained. cliance, discovered that they contained

The ants did not abandon these eggs to little pucerons; but it was not these

make their escape; a stronger instinct individual eggs I saw them quit, it \vas

retained them. They hastened to conceal other eggs which were a little larger,

them under the small dwelling which I found in the nests of yellow ants, and of

held in my hand, and when I reached home a particular species. On opening the ant

I drew them from it to observe them more hill I discovered several chambers con-

attentivelv. Viewed with a microscope they taining a great number of brown eggs,

appeared nearly of the form of ants' eggs. The ants were extremely jealous of them,

but their color was entirely different. The carrying them away, and quickly, too, to

greater part were black: others were of a ihe bottom of the nest, disputing and con-

cloudv yellow. I found them in several ant- tending for them with a zeal which left

hills, and obtained them of different degrees me no doubt of the strong attachment

in shade. They \vere not all black and with which they regard them,

yellow; some were brown, of a slight and Desirous of conciliating their interests

and also of a brilliant red and white; others as well as my own, I took the ants and

were of a color less distinct, as a straw their treasure and placed thetti in such a

color, grevish, etc. I remarked they were Tuanner that I might easily observe them,

not of the same color at both extremities. These eggs were never abandoned. The

To observe them more closely I placed ants took the same care of them as the

them in the cover of a box faced with glass. former. The following day I saw one of

They were collected in a heap like the eggs these eggs open, and a puceron fully

of ants. Their guardians seemed to value formed, having a large trunk, quit it. 1

ihem highly; after having visited them knew it to be a puceron of the oak; the

they placed one part in the earth, but I others were disclosed a few days aftci

.

witnessed the attention they bestowed upon and the greater number in my presenci-.

the rest: they approached them slightly They set immediately about sucking the

separating their pincers; passed their jnice from some branches of the tree I gave

tongue between each, extended them, them, and the ants now found within their

then walked alternately over them, deposit- reach a recompense for their care and

ing I believe a liquid substance as they attention.

ir
nroceeded. They appeared to treat them ryi, • » i

• ti•^
,

, r , • This recompense consisted ni tl

exactly as if they were the eggs of their
,. . , , , „ ,11 1

own "species: they touched them with liqmd " honey-dew excreted by the

their antennae, and frequently carried aphides.
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Hiiber following Bonnet thought that

these aphid eggs consisted simply of a

pellicle containing a developetl aphis,

that " the insect in a state nearly per-

fect quits the body of its mother in

that covering which shelters it from the

cold in winter, and that it is not as

other germs are, in the egg surrounded

by food, by means of which it is de-

veloped and supported." But this is

erroneous, as these are true eggs, a tact

which has already been pointed out by

Lubbock and many other naturalists.

A species of aphis living upon the

English Daisy was found by Sir John
Lubbock to deposit, in autumn, eggs

upon the leaf-stalks. These eggs were

taken by the common yellow ants to

their formicaries where they were
" tended by them with tlie utmost care

through the long winter montiis, laitil

the following March, when the young

aphides which hatch are brought out

and again jjlaced upon the young shoots

of the daisy." This eminent naturalist

adds; "This seems to me a most

remarkable case of prudence. Our ants

may not perhaps lay up food for the

winter ; but they do more, for they keep

during six montiis the eggs which will

enable them to procure food during tlie

following summer, a case of prudence

unexampled in the animal kingdoin."

The instances above cited relate to

iiphides living upon plants outside of

the nests of the ants. But there are

certain species living underground in

care of the ants, whose eggs are simi-

larly tended. For many years an insect

called the Corn Root-aphis (^A. maidi-

radicis) was destructive to Indian corn

in many of the western States. It was
found from spring to autumn upon corn

roots, always tended by the little Brown
Ant {Lasius sp.) which dug channels

for it and cared for it in every way.

The winter history of this aphis had

proven a decided enigma to entomolo-

gists. No one had been able to finil it

during winter in any stage. Somi-

years ago, while investigating this sub-

ject under tlie direction of Professor

S. A. Forbes, one day late in April, I

came across a mass of aphid eggs in a

nest of the ant just mentioned —the-

formicary occiuring in an old corn field

in central Illinois —which were carried

to the State Laboratory of iNatural His-

tory. They hatched the next day into

aphides that subsequently developed into

the species in question. Many similar

observations were subsequently made
at the conclusion of which I summar-
ized the life-history of the insect as

follows :
—

During the first warm days of spring,

usually before the ground is plowed, then'

hatch from the eggs small greenish lice thai

are transferred by the ants to the roots and
radicles of Setaria and Polygonum, where
they are carefully tended by the ants. In about

a fortnight these young have become adult

stem-mothers and give birth to quite a num-
ber of young. In the meanwhile the ground

has probably been plowed, and some crop

sowed. In case this crop is corn the ants

transfer the lice to the corn roots; but. if it

is oats or wheat they may continue to rear

the lice on Setaria and Polygonum. The
young from these stem-mothers become
adult in about a fortnight, and some of them
are apterous and others winged. The winged
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speciinens flj to other hills either in the same

or neighboring fields, where the ants are

waiting to receive them and proceed to es-

tablisli colonies. This second generation

bring fortli viviparous young (mostly wing-

less) ; and generations of viviparous females

continue to develop on corn roots through-

out the summer. In autumn the true sexes

are produced (both being apterous), and the

eggs are deposited by the oviparous females

in the mines of the ant colonies. These eggs

are cared for by the ants through the winter,

and the voung lice that hatch from them in

spring are provided for as already described.*

While the above observations are

sufficient perhaps to indicate that the

great majority of aphides spend the

winter in the egg state, it is by no

means trne that they all do so. There

are many species in which so far as we

can judge no sexed individuals or eggs

are ever developed. One of these,

which is often extremely abtmdant on

the branches of alders in New Eng-

land is the flocculent aphid {P<t)iphi-

gus tesseliata) . This insect abotnuls

throughout tiie sinnmer months in the

condition of parthenogenetic females

;

and in autumn enormous numbers of

little aphides are produced. These

migrate dowia the branches and tnnik

to the bases of the slirubs, where on the

larger roots or amojig the leaves and

rubbish thev settle down for the long

and drearv New England winter. No
doubt millions of them perish or are

washed a^vav. but in spring those that

are left crawl up the alder stems, and

finding satisfactorv positions insert their

* Bulletin Illinois State Laboratory of Natural History,

V. in, art V

beaks through the bark and begin to

feed and grow. In a short time they

mature and give birth to yr)ung. They

secrete a large amount of flocculent

material, causing aflected branches to

appear as if covered with a cottony

vegetable growth. They are not usu-

ally attetided by ants, and the large

amount of ''honey-dew" the\' excrete

encoin'ages the growth of a black

ftmgus.

It has already been explained that

the divers methods of hibernation

adopted by the aphides may be ex-

plained bv the principles of natinal

selection. With these insects we have

all the essentials for the working of the
'

method of elimination which permits

onlv the fittest to survive. Individuals

are produced in such enormous numbers

that a large proportion of them may
well be sacrificed witlmut injiuv to the

species.

The habit of migrating In smnmer

from trees to herbs may also be ex-

plained ill a similar manner. By so

migrating the aphides obtain at least

three important advantages, viz. :

(i) escape from enemies; (2) more

succident food
; (3) lessening the injury

to, or even saving from destruction

their host-plant. Bv returning to the

trees when the herbs begin to die, they

find a comparatively safe place for the

deposition of their eggs. In both tlie

spring and autmnn migrations the laws

of natural selection would find oppor-

tunitv to operate.

To bring out moie clearly the bearing

of the laws of natiual selection upon
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the facts of aphid hibeniation as we
find them to-day, we will briefly review

the methods outlined in the previous

pages and apply to each these principles.

For our present purpose Professor

Lloyd Morgan's term ' natuial elimina-

tion'* is more lucid than Dnrwin's

'Natural Selection.' Reduced to its

simplest form this theory rests upon the

fact that " in every generation of every

species a great manv more individuals

are liorn than can possibly survive ; so

that there is a perpetual battle for life

going on among all the constituent in-

dividuals of any given generation. Now
in this struggle for existence, which in-

dividuals will be viccorious and live.^

Assuredly those which are best fitted to

live : the weakest and least fitted to live

will succumb and die, wliile the strong-

est and best fitted to live will be trium-

phant and survive. "t

Among the lower animals it is often

not so much a struggle between the in-

dividuals of a species, as it is with other

species and the natural conditions of

existence ; not so much a matter of

what Morgan calls selection proper,

—

involving the element of individual or

special choice, —as it is a matter of

natural elimination. " And the factors

of elimination are three: first, elimina-

tion through the action of surrounding

physical or climatic conditions, under

\\ Inch head we may take such forms of

disease as are not due to living agencs
;

elimination by enemies, including para-

* Animal Life and Intelligence, p. 80,

tRomanes, Scientific Evidences of Organic Evolution, p. 3,

sites ai.d zymotic diseases, and thirdly,

elimination b}' competition." *

In applying liiese factors to explain

the hibernation of aphides we must bear

in mind the prodigious powers of mul-

tiplication possessed by these insects,

—

because of which tiie autumn progenv

of a single stem-mother may amount to

millions of individuals. We must also

remember that on account of the crowd-

ing caused by this rapid rate of multi-

plication, it must often happen that the

ovipaious females are compelled to de-

posit their eggs in all sorts of situations

upon the food-plant; and that to-da\

,

even when no crowding occurs, the

oviparous females often exiiibit a con-

siderable diversity in habits of ovi-

position.

Tiie eliminatitig agencies with whicli

most aphides in their hilsernating con-

dition have to contend apjjear to be

chiefly confined to the action of cli-

matic conditions and natural enemies.

A large proportion of the eggs depos-

ited upon smooth bark without special

protection must be blown ofl'bv winds,

or washed away by rain or melting

snow and ice. Species which like

the Oak Callipterus and the White
Pine Lachnus live upon trees the

leaves of which remain upon the

branches until the following spring

have a decided advantage in oviposi-

tion because their eggs are less exposed

to dangers of this kind than those

which are simply consigned to the

bark. This is particulaily true of

* Morgan, 1. c, p. 80.
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the (lak species, the eggs of which are

much more snugly ensconced than

those of the Pine Laciinus. In the

case of many bark-ilepositing species,

which develop on the leaves, it is easy

to see that the elimination of the unfit

is still taking place, and that there is

an enormous waste of individuals which

might be saved by a more perfectly

tleveloped old-fashioned 'instinct.' The
Apple Aphis, for example, perishes

in great numbers everv autumn by

the falling of leaves containing devel-

oping colonies of the oviparous form
;

such leaves not only bear immature

s|)ecimens of this form, but often also

adults which have not migrated to the

twigs with sutficient promptness. This

loss is due largely to the lateness

of the arrival of the return migrants

to the apple foliage, and would l>e

to a considerable extent at least

prevented by the earlier development

of the latter upon their summer host.

The oviparous t'orms also exhibit

even now considerable diversity in

sites chosen for oviposition, many
eggs being deposited upon smooth

bark, although the great majority are

placed about buds or in the interstices

of rough bark. The action of elimi-

nation must evidently tend toward

the preservation of the latter and the

Llestruction of the former.

The case of the Beech Callipterus

described above is evideiitly an illus-

tration of a much more perfectly de-

veloped instinct than is exhibited by

the brdinaiy twig-depositing species.

In this case each egg is carefully placed

in a specialh- chosen site, and is then

not only securely fastened in position,

but also concealed fiom view.

The four species of Melanoxanthus

mentioned on preceding pages as living

upon willow twigs furnish an interest-

ing illustration of the gradual perfection

of habits of oviposition of species of one

genus. The first species (vl/. salicti)

oviposits on smooth bark and about the

buds, eggs being developed in great

numbers. The second species {iM. bi-

color) confines itself as a rule to the

region of the buds ; in both these the eggs

are plain black with no protective cover-

ing. In M. sah'a's a decided step in

advance has been taken : the oviparous

forms congregate upon the gray bark

of the trunk and larger branches and

deposit their eggs side by side over a

considerable area. The sticky cover-

ing with which most aphid eggs are

provided when first extruded is here

abnormally developed. It serves to

hold the eggs more firmly in place and

also, on drying, leaves a thin gray coat-

ing which gives an appearence so

.similar to the surrounding bark that

the eggs are visible only by the closest

scrutiny. In Af. Jlocculosus this is

carried a step farther, the protective

covering being more perfectly developed

anti the insects apparently choosing

rougher bark wheie there are more

interstices in which to conceal the eggs.

It is less easy to account for the

origin of the method of hibernation

ado])ted by those species whose eggs

are kept through the winter by ants

in their nests. It seems most prob-
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able that the ants first acquired the

habit in the case of the underground

species h'ke the corn root-aphis. The

oviparous females of this form wander

through the galleries of the formlcar)',

occasionally extruding an egg and

then die. Of course any suggestions

as to how the first eggs came to be

carried thiough the winter can only

be speculative. It apparently is not

impossible that the ants noticed some

quality about the eggs as they were

first extruded which led them to

recognize them as a part of their

food-giving pets; or possibly the first

eggs were overlooked and allowed

to pass the winter where the motlier

aphid deposited them, and been dis-

covered in spring at the time the

aphides were hatching ; or the eggs

may have been first stored up for

food, and the surplus left over in

spring have hatched. However the

habit may have originated it evidently

is so useful to all it would be fostered.

Having once become an established

routine of the ants' yearly cycle, it is

not difKcult to imagine that thej'

would recognize the eggs of aphides

living above ground, especially those

living in covered outside tunnels of

the ants, and thus gradually develop

the habit of carrying the eggs in and

the resulting young out.

Passing now for a moment to the

group of aphides whose hibernating

condition is exemplified by the Woolly
Aphis of the alder (p. 359) it is easv to

see how natural elimination may have

brouglit about the existing conditions.

This species appears never to develop

any eggs : consequently it must pass the

winter in some living stage. The col-

onies of viviparous forms are constantly

bringing forth multitudes of livingyoung

which of course are more abundant in

autumn than at any other season. The
crowding produced by numbers would
often compel them to wander over all

parts of the shrub. Those reaching

late in autumn the bases of the main

stems would stand a much better chance

of surviving the effects of wind, snow,

rain and ice than those on other parts

of the tree. This constant elimination

of the unfit and the ' inherited memory '

of the fit would lead to present condi-

tions.

OVIPOSITfON AND HATCHING
THANAOSJUVENALIS.

OF

May 16, 1894, I followed a specimen of

T. jiivcnalis which was apparently search-

ing for a food plant among the scrub oaks of

Middlesex Fells at Maiden, Mass. The in-

sect flew down to tlie base of a small, six-

inch seedling of ^iierciis alba and laid a

single egg upon the stem of the plant, an inch

from the ground, among the tender, reddish.

scale-like leaves. The act of oviposition

lasted about ten seconds, during which the

insect's wings were folded back to back, her

fore-feet grasping the stem, while the mid-

and hind-feet were rubbed quickly together

and along the sides of the abdomen, appear-

ing to assist the process of egg-laying. This

occurred on a warm, sunny day, an hour

before noon. The egg, delicately greenish

when laid, soon became white and within

twenty hours was orange in color. Seen


